Several lines of evidence suggest that events in the breeding areas may be particularly important in population regulation. First, fragmentation of breeding habitat results not only in loss of suitable breeding areas of Neotropical migrants, but also in disproportionately fewer species and lower population levels of migrants within the remaining habitat patches (Whitcomb et al. 1981, Lynch and Whigham 1984) . This may be due in part to lowered reproductive output caused by increased nest depredation and nest parasitism in fragmented habitats [Auk, Vol. 109 (Wilcove 1985 , Robinson 1992 ). Second, population trends in north temperate breeding bird populations often are correlated with local changes in food abundance (e.g. defoliator irruptions), successional changes in habitat structure, and other events in the breeding areas, suggesting that breeding habitat and conditions are important to maintenance of population size (Holmes et al. 1986 , 1991 , Holmes and Sherry 1988 . As an example, in a study on replicated plots in New Hampshire, Holmes et al. (1991) found that bird population trends and reproductive performance of intensively studied species were significantly correlated with caterpillar abundances in the preceeding summers, corroborating an effect of food supply on reproductive success and subsequent recruitment of new individuals into the populations. Demographic data for two migratory species of paruline warblers also support this relationship between nesting success and subsequent recruitment of yearlings at the population level (e.g. for Prairie Warblers, Dendroica discolor, Nolan 1978; for American Redstarts, Setophaga ruticilla, Sherry and Holmes 1992).
To evaluate further the importance of breeding events to population dynamics of migratory birds, studies are needed of productivity and related demographic parameters of species over a diverse range of habitats, including those that are intact and relatively undisturbed and those that are fragmented to varying degrees. Despite the seeming plethora of studies on the life histories and breeding biologies of North American passerine birds (e.g. Bent 1953 , Morse 1989 ), few studies have been sufficiently detailed and have involved sufficiently large numbers of individually-marked birds over a series of years to provide reliable information on the diverse components of reproductive performance and productivity (Martin 1991 Holmes 1990) . The forest at Hubbard Brook consists of unfragmented northern hardwoods, contiguous with large expanses of similar forests in the surrounding White Mountain National Forest, and is dominated by sugar maple (Acer saccharum), American beech (Fagus grandifolia), and yellow birch (Betula alleghaniensis), with occasional white ash (Fraxinus americana), red spruce (Picea rubens), eastern hemlock (Tsuga canadensis), and balsam fir (Abies balsamea). The shrub layer is composed primarily of hobblebush (Viburnum alnifolium) and saplings of beech and sugar maple. The vegetation of the 70-ha plot was similar to that described for the census area (see references just cited), but was more heterogeneous, especially with respect to shrub density and the presence of more coniferous vegetation.
In each year, we caught and color marked about 90-95% of all Black-throated Blue Warblers inhabiting the 70-ha study area. Most males were caught using the playback method described by Holmes et al. (1989) for luring birds into a net. Other males, as well as most females, were caught in mist nets placed at regular intervals through parts of the study area and near nests. All birds were fitted with a U.S. Fish and Wildlife Service band and two distinctive color bands. Each year, territories of Black-throated Blue Warblers occupying the 70-ha study area were determined by mapping movements and nesting locations of color-marked birds. From their arrival in early to midMay until the time they began to wander in mid-July to mid-August, we recorded locations of singing males, foraging sites, territorial disputes and active nests.
Nests were found by intensive searching, usually by following nest building or incubating females. When clutch initiation dates were known, nests were checked every second or third day. Nests found with completed clutches (or with nestlings) were visited daily until hatching (or fledging), and then dates of clutch initiation (or hatching) were determined by back-dating. Nestlings were weighed and measured, usually on days 2, 4 and 6 (hatching = day 0) using procedures of Rodenhouse (1986) . After nestlings were banded on day 6, nests were checked daily to determine the time of fledging (usually day 8 or 9; see Results). We continued to observe pairs after they successfully fledged a brood to see if additional nests were attempted. Although we visited nests frequently and handled young for weighing, measuring and banding, in only four cases was there any evidence of reduced success due to our disturbance; these cases were excluded from the analyses. Although losses to predation could have increased because of our activity near nests, we have no evidence of this. Moreover, the relatively low predation rates recorded during this study (see Results) argue against this possibility. Age ratio SY: ASYa (% SY) Clutch size for all nests reaching the incubation stage averaged 3.8 ? 0.4 eggs (n = 131), with a range of 2 to 5, and both a median and a mode of 4 (Table 2 ). Clutch size did not differ significantly between years, but in some cases there were small but significant declines in clutch sizes within a season (Table 2) . These were most notable in 1986 and 1987 between first and second clutches laid by individuallymarked females and between clutches grouped by laying date (those initiated before or after 15 June), but also for early versus late clutches in 1989 and for all four years combined (Table  2) .
RESULTS

Population
Nesting attempts and multiple brooding.-In a previous study of Black-throated Blue Warblers at Hubbard Brook, Rodenhouse (1986) recorded a bimodal peak in nest initiations and documented double brooding as the underlying cause, although females were not banded. During our study, the bimodal pattern of clutch initiation also was evident, with the first peak of nesting occurring between 21-31 May and the second from 21-30 June (Fig. 1) . For these analyses, a nesting attempt was defined as having occurred if a female completed a nest and initiated egg laying. Not counted as nesting attempts were nests that were built but abandoned before egg laying, as happened frequently most years, especially early in the season. We define multiple brooding as the initiation of egg laying in a second or subsequent nest after having successfully fledged young from a previous nesting attempt that season. Records from individually-marked females show that they made 1 to 4 nesting attempts per season, with an average of 1.7 and a median and a mode of 2 (Table 3) . Such nesting attempts reflect: (1) loss of an earlier clutch to predation or other factors (see below); and (2) multiple brooding. In our study population, the proportion of females initiating second clutches after having successfully fledged a first brood ranged from 29% to 64% over four years, for an average of 48% over all four years (Table 3) .
In the first three years of this study, 40 to 50% of the females successfully fledged two broods per season and, in 1987, one female fledged three successive broods (Table 3 ). In 1989, most females (71%) fledged one brood, and only 14% fledged two. In each season, some females (7-14%) failed in their nesting attempts and fledged no young (Table 3) .
Nesting success. -To estimate annual nesting success, we used the Mayfield (1961 Mayfield ( , 1975 method, which takes into account the fact that nests were found (and lost) at different stages during the nesting cycle. During the four years of study, annual estimates of nest success from the start of incubation through fledging ranged from 46% (1989) to 69% (1986), for an overall average of 63% (Table 4) . Nesting success did not differ significantly between years (X2 = 2.97, df = 3, P > 0.39), nor between the incubation and nestling stages within years (X2, df = 1, P > 0.19). Nests initiated early in the season (before 15 June) had lower survivorship than nests completed after 15 June (Table 4) , but the differences were not statistically significant, either within years (X2, df = 1, P > 0.30) or for all years combined (X2 = 1.20, df = 1, P = 0.27).
For an analysis of the causes of nest failure, we catalogued the fate of each nest that was lost during either incubation or nestling periods. Annual nest loss ranged from 20 to 33%, for an average of 27.2% over the four years (Table 5) . The major cause of nest failure was predation, which accounted for 21.6% of all clutches laid (Table 5) . Significantly more nests were lost to predation during incubation than in the nestling period (X2 = 28.1, df = 6, P < 0.001). Of the 34 clutches lost to some mortality factor over the four-year study, 27 (79.4%) were taken by predators, the remaining losses being attributable to severe weather or abandonment (Table  5) . Brown-headed Cowbird (Molothrus ater) parasitism was not recorded during this study period, nor has it been documented within this study area at Hubbard Brook since our research began in 1969 (Sherry and Holmes 1992).
Effects of age on multiple brooding and polygyny. -Multiple brooding by Black-throated Blue Warblers was significantly related to age of the male parent: proportionately more ASY males (61.6%, n = 34) were paired with females that multiple brooded than were yearling (SY) males (23.1%, n = 26; G = 9.252, df = 1, P < 0.01). A similar relationship appears to hold for females: in 1988, seven of the nine females producing second clutches after fledging their first were ASYs. Further testing of this relationship was not possible, however, because females were not aged in the first two years of the study and few females double brooded in 1989 (see Table  3 ). In this context, note that the one female that laid and fledged three successive clutches in 1987 had been banded as an adult in 1982; thus, she was at least seven years of age in 1987.
Seven of the eight bigamous males recorded during this study (Table 1) were ASYs. Assuming that males associating with two females and observed feeding at their nests were actually the parents of the young in those nests, bigamy should result in more young produced per male per season. Based on the six bigamous males for which we had complete nesting information (including the one SY male, see below), the number of young fledged per bigamous male per season averaged 7.2 ? 3.1 (range = 3-12). This is significantly higher than the average of 4.4 ? 2.2 (range = 0-8, n = 59) young fledged per monogamous male per season (t-test, P < 0.01).
The experience or other advantages of age, however, are not prerequisite to successful production of young. One of the two females (age unknown) associated with the single bigamous SY male in our sample (Table 1) (Table 6 ). Thirty (6.4%) eggs failed to hatch and were probably infertile or suffered embryo death, 57 (12.1%) were lost to depredation, and 11 (2.3%) were abandoned during the incubation period. Losses during the nestling stage were due to predation (7.9% of eggs laid), starvation (3.6%), and other factors such as abandonment (4.3%).
On a per-capita basis, female Black-throated Blue Warblers laid an average of 6.6 eggs each season, of which 5.2 hatched and 4.3 fledged (Table 6 ). The only significant differences among these values involved comparisons with 1989, a year in which females laid fewer eggs compared to 1987 and 1988 (t-tests, P < 0.025 and P < 0.01, respectively), hatched fewer young compared to 1987 (P < 0.05), and fledged fewer young compared to both 1987 and 1988 (P < 0.05; Table 6 ). As a consequence, the lowest percapita production of young per season was in 1989, when most females fledged only one brood (Table 3 ) and an average of 3.5 young (Table 6 ). These lower values in 1989 apparently were due to fewer nesting attempts in that season (Table  3) and not to differences in clutch sizes (Table  2) .
Reproductive effort and recruitment. -We predicted that, if reproductive success were important in affecting subsequent population levels, there should be a positive correlation between reproductive performance and the recruitment of yearlings into the population the next season. Following Sherry and Holmes (1991), we calculated recruitment as the number of yearling males entering the population on the study area each spring, expressed as a percentage of the number of adult males present in the preceding year (from Table 1 and R. T. Holmes, unpubl. data). Yearling recruitment, so defined, was positively correlated (Fig. 2) with the mean number of young fledged per female in the preceding season (from Table 6 and Rodenhouse 1986), although not significantly so (r = 0.808, R2 = 0.653, P = 0.098). Considering the few years for which we have data, however, the trend is highly suggestive. Table 5 ).
DISCUSSION
With an average of 4.3 young fledged per female per year, Black-throated Blue Warblers during our study were producing more young than needed for replacement. This high annual production was due most directly to high nesting success (63%), low nest predation rates (22%), a lack of brood parasitism, and relatively frequent (48%) multiple brooding. Also, during this same period, nesting success was positively correlated with available food resources (Holmes . Data in support of these commonly assumed differences between large forest tracts and fragmented ones are surprisingly scarce and sketchy. In this discussion, we consider the factors that influence the annual reproductive output of Black-throated Blue Warblers during our study, make comparisons with other species and across habitats, and evaluate the hypothesis that breeding productivity is a major factor influencing population size and dynamics in this Neotropical migrant species. Nesting success and predation. -The nesting success of Black-throated Blue Warblers at Hubbard Brook (63% by Mayfield method, Table 4 ; 72.8% as fraction of nests fledging young, Table  5 ) was considerably higher than the overall average rate of 42% (n = 17 studies using Mayfield method) and 44% (n = 32 studies using fraction of nests fledging young) reported by Martin (1992) . Because Martin's data came from a review of studies of Neotropical migrants breeding in a variety of habitats, they probably include species in both unfragmented and fragmented habitats. Recent evidence indicates that nest success in small forest fragments (Rob- In his review, Martin (1992) reported that predation accounted for the loss of 42.8% (range = 11-67%) of active nests initiated by Neotropical migrants, whereas cowbird parasitism caused an average loss of 9% (range = 0-65%). In the present study, only 22% of the clutches initiated by Black-throated Blue Warblers were lost to predation (Table 5 ), but of those that did fail, predation was the main cause of mortality (79%, n = 34, see Table 5 ) and, as indicated, cowbird parasitism did not occur. At Hubbard Brook, experimental studies using artificial nests indicate that predation events in these undisturbed forests are very patchy and, thus, variable in both space and time (Reitsma et al. 1990, Sloan 1991; Reitsma, unpubl. data). This variability in predation pressure, coupled with a relatively sparse but locally diverse predator community, may lead to the low nest predation rates recorded in our study. Based on observations and photographs taken at artificial nests, seven species of mammal and one bird species have been recorded depredating nests at Hubbard Brook (Reitsma et al. 1990; L. R. Reitsma, T. W. Sherry, and R. T. Holmes, unpubl. data), the most important being red squirrels (Tamiasciurus hudsonicus), Blue Jays (Cyanocitta cristata), and eastern chipmunks (Tamias striatus).
The high nesting success rates of Blackthroated Blue Warblers at Hubbard Brook, thus, can be accounted for by the low nest depredation rates and the absence of cowbird parasitism in the undisturbed, unfragmented forest where this study was conducted.
Multiple brooding and reproductive output.-In contrast to temperate-zone resident species, Neotropical migrant passerines often are characterized as birds that usually produce no more than one successful brood per season (Wiens 1989 , Morse 1989 . It is evident from our study that Black-throated Blue Warblers regularly produce two broods, or even occasionally three per season (Table 3; Factors affecting multiple brooding. -Because multiple brooding appears to be a process that significantly influences the annual reproductive output of Black-throated Blue Warblers, it is important to understand the factors that determine its frequency. We are aware of at least two such factors: (1) time constraints during the temperate summer season; and/or (2) food abundance.
Given the climatic constraints on length of favorable season, a major factor influencing the frequency of multiple brooding appears to be the fate of early-season nests, and, thus, whether there is sufficient time available to build new nests and lay additional clutches after completing earlier ones. Nolan (1978) Another factor influencing nesting success and annual production of young is food available to breeding birds at particular times of the breeding season. Although actual starvation of young was infrequent in this study (Table 6 , but see Rodenhouse and Holmes 1992), the mean number of young fledged per nesting attempt by female Black-throated Blue Warblers on our study area during the same time period (1986-1990) was positively and significantly correlated with mean caterpillar abundance (both numbers and biomass) present each season . Further, in an earlier study (1981) (1982) (1983) (1984) (1985) , using natural and experimentally-produced variations in caterpillar abundance, Rodenhouse and found that the annual reproductive output of Black-throated Blue Warblers at Hubbard Brook was positively and significantly related to caterpillar biomass, more young fledging in seasons when more caterpillars were available. This effect was due largely to a greater frequency of double brooding in years with higher food abundance in midsummer, just as we have found in more recent years. Thus, food supply apparently influences the number of young fledged, primarily by influencing double brooding, and probably post-fledging survival, both of which potentially influence population dynamics of this species.
The impact of these two processes affecting multiple brooding may differ among habitats. The time-constraint effect may be more critical in disturbed or fragmented habitats, where predation and/or parasitism rates are high (see references above). In such situations, birds renest frequently and may lack the time needed to fledge more than one brood per season, further lowering their nesting productivity. In contrast, variations in food abundance may occur in both fragmented and unfragmented habitats, but would be the major factor affecting multiple brooding in intact, undisturbed habitats. Further studies of the reproductive ecology and breeding effort of Neotropical migrants in relation to food abundance and predation are needed to test these predictions. Baseline reproductive and related demographic data on more Neotropical migrant species in diverse habitats, both fragmented and unfragmented, are needed to test the validity and generality of the findings reported here. The challenges ahead include identifying the important factors limiting or regulating these long-distance migratory bird populations, whether these operate more importantly in the summer, in winter, or on migration, and how the impact of these factors varies with density, habitat, land-use patterns, climate change, and other environmental parameters.
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